Atmospheric aerosol particles are composed of water and a variety of inorganic and organic components stemming from natural and anthropogenic sources [1] . Airborne organic matter, in particular, can be in a highly viscous or glassy phase with properties comparable to that of a solid. It was found that water, the atmospheric solvent, diffuses through a glassy organic particle quite slowly and establishes equilibrium with relative humidity only after timescales on the order of days [2] . In addition to water, diffusion of oxidizing trace gas molecules such as O 3 through highly viscous organic aerosol can be limited and may lead to an inhomogeneous O 3 concentration and reduced chemical reaction rates compared to what is expected when assuming a homogeneous mixture [3, 4] . Reaction and diffusion kinetics of O 3 with organic shikimic acid particles was quantified in viscous organic matter using X-ray microspectroscopy however, any concentration gradients could not be visualized on spatial scale of tens of nanometers [3] . Visualizing chemical gradients due to gas-to-particle reaction would allow direct evidence of coupled molecular diffusion and reaction in aerosol particles for the first time, which we find necessary for accurate predictions of atmospheric aerosol chemical aging.
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We present a study using scanning transmission X-ray microscopy coupled to near edge X-ray absorption fine structure spectroscopy (STXM/NEXAFS) to visualize the reaction of O 3 with iron to change its oxidation state in a non-reactive organic matrix, Xanthan gum, a model material for organic/biogenic marine derived particles aerosolized from the ocean surface [5] . Aerosol particles with equal mass ratio of Xanthan gum and FeCl 2 were situated in a custom environmental cell having diameters, , between 0.2-2 µm. We exposed particles to O 3 at 150 ppb, relative humidity (RH) at 40%, O 2 at 40 mbar and He at 110 mbar while observing X-ray absorption at the Fe L-edge in situ. Two absorption peaks at energies corresponding to Fe II Figure 1a shows that decreased from about 0.9 to 0.5 over the course of 4 hours. Values of were also averaged at each over concentric pixels from particle perimeters thus deriving 2-D vertically integrated profiles. Examples are shown in Fig. 1b and reveal is quite high and comparable to water selfdiffusion. More data sets at higher and lower humidity should be included to better constrain these fit parameters. . In other words, O 3 must have only penetrated tens of nanometers into the particle surface, but was completely absent in the core. If so, the observed chemical gradients must have been largely due to Fe II and Fe III diffusing throughout the particle. We emphasize that thefolding time for O 3 to saturate a particle with = 1 µm is = /(4 3 ) or about 3 seconds when neglecting reaction. Therefore, we strongly suggest that prediction of aerosol chemistry must consider a coupled reacto-diffusive process, which we have observed can result in an inhomogeneous internal concentration gradient over timescales of hours. However, this is highly dependent on the balance between diffusion, reaction rate and concentration of reactants in the condensed phase [7] .
